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First things first!! First things first!! 
Timing Restrictions (Subsection 107 & 108)Timing Restrictions (Subsection 107 & 108)
Erosion Control Devices (Erosion Control Devices (BMPBMP’’ss))
Traffic Control Devices and Flaggers Traffic Control Devices and Flaggers 
Surveying and StakingSurveying and Staking
Clearing and GrubbingClearing and Grubbing
Topsoil RemovalTopsoil Removal
Are there any environmentally sensitive areas Are there any environmentally sensitive areas 
nearby that need special attention? (I.e., nearby that need special attention? (I.e., 
wetlands, bald eagle nests, etc.)wetlands, bald eagle nests, etc.)



Subsurface DrainageSubsurface Drainage

Essential to Road LifeEssential to Road Life
Reduces Future Maintenance Costs Reduces Future Maintenance Costs 
If unexpected moisture is encountered, If unexpected moisture is encountered, 
and corrective measures are not and corrective measures are not 
included in the plans (I.e., included in the plans (I.e., underdrainsunderdrains, , 
subexcavation, etc.) notify the PE subexcavation, etc.) notify the PE 
immediately.immediately.

Presenter
Presentation Notes
Watch for potential moisture problems during:

clearing and grubbing, 

topsoil removal, 





Preparation is Everything!Preparation is Everything!

Embankment quality depends on proper Embankment quality depends on proper 
foundation preparation.foundation preparation.
Conditions that may cause embankment Conditions that may cause embankment 
failures: failures: 

Subsurface slippage planesSubsurface slippage planes
Soft or unsuitable materialsSoft or unsuitable materials
Springs or seepagesSprings or seepages

Embankment Failures Embankment Failures –– Construction Manual Construction Manual 
Chapter 9 Chapter 9 



Embankment Foundation PreparationEmbankment Foundation Preparation

Fills less than 1 meter over natural Fills less than 1 meter over natural 
groundground

Break up the cleared ground surface to a Break up the cleared ground surface to a 
minimum depth of 150 mm.minimum depth of 150 mm.

Scarify or plowScarify or plow

Compact natural ground according to Compact natural ground according to 
204.11.204.11.



Embankment Foundation Preparation Embankment Foundation Preparation 
(continued)(continued)

Shallow fills (less than 0.5 meters) over an Shallow fills (less than 0.5 meters) over an 
existing asphalt, concrete or gravel road existing asphalt, concrete or gravel road 
surface.surface.

Scarify or pulverizeScarify or pulverize
Gravel roads Gravel roads -- 150 mm minimum depth150 mm minimum depth
Asphalt or Concrete Asphalt or Concrete -- To a minimum depth of 150 mm To a minimum depth of 150 mm 
below existing mat.below existing mat.

Reduce all particle sized to a maximum of 150 Reduce all particle sized to a maximum of 150 
mmmm

Produce a uniform materialProduce a uniform material

Compact the surface according to 204.11.Compact the surface according to 204.11.



Embankment Foundation Preparation Embankment Foundation Preparation 
(continued)(continued)

Embankments across ground that will not Embankments across ground that will not 
support equipment.support equipment.

End dump a uniform layer of embankment End dump a uniform layer of embankment 
material. material. 
Limit layer thickness to the minimum depth Limit layer thickness to the minimum depth 

necessary to support equipment.necessary to support equipment.
Monitor the use vibratory rollers, as they may Monitor the use vibratory rollers, as they may 

weaken the shear strength of the supporting soils, weaken the shear strength of the supporting soils, 
and lead to failure of the natural ground.and lead to failure of the natural ground.



Embankment Foundation Preparation Embankment Foundation Preparation 
(continued)(continued)
Embankments on existing slopes steeper than 1v:3hEmbankments on existing slopes steeper than 1v:3h

Cut horizontal benches in the existing slope wide enough to Cut horizontal benches in the existing slope wide enough to 
accommodate both placement and compaction operations.accommodate both placement and compaction operations.
Begin each bench where original ground intersects with the Begin each bench where original ground intersects with the 

vertical cut of the previous bench.vertical cut of the previous bench.

Presenter
Presentation Notes
Pay particular attention to sliver fills.  It is common for Contractors to try side-casting material over the edge, and not utilize proper compaction efforts.  



Embankment ConstructionEmbankment Construction
Determine the suitability of the embankment Determine the suitability of the embankment 
material.material.

AASHTO M 145AASHTO M 145

If suitable material is not available, utilize If suitable material is not available, utilize 
unclassified borrow.  (704.06)unclassified borrow.  (704.06)

Granular material free of excess moisture, muck, Granular material free of excess moisture, muck, 
frozen lumps, root, sod, or other deleterious frozen lumps, root, sod, or other deleterious 
material.material.
Maximum dimension Maximum dimension -- 600 mm600 mm
AASHTO M 145 Classification AASHTO M 145 Classification –– AA--1, A1, A--3, 3, or Aor A--22--44



CLASSIFICATION OF HIGHWAY SUBGRADE MATERIALS
(With suggested subgroups)

General Classification

Group Classification

Sieve Analysis,
Percent Passing:

No. 10
No. 40
No. 200

Characteristics of
fraction passing # 40:

Liquid Limit
Plasticity Index
Group Index

Usual Types of 
Significicant Constituent 

Materials

General Rating as 
Subgrade

A-2

A-1-a A-1-b A-2-4 A-2-5 A-2-6 A-2-7

0-6
0

Stone Fragments, 
Gravel and Sand

A-3

51-100
0-10

N.P.
0

Fine 
Sand

0-50

Granular Materials (35% or less passing No. 200)

0-35 0-35 0-35 0-35
0-30
0-15

0-50
0-25

A-1

0-10
0-40 41+

0-10
0-40
11+

41+
11+

0 0-4

Silty or Clayey Gravel and Sand

Excellent to Good

Silt-Clay Materials (More than 35% 
passing #200)

A-4 A-5 A-6
A-7

A-7-5
A-7-6

36-100 36-100 36-100 36-100

0-40
0-10

41+
0-10

0-40
11+

41+
11+

Silty Soils Clayey Soils

Fair to Poor

0-8 0-12 0-16 0-20





Embankment ConstructionEmbankment Construction
Daily embankment surface treatmentDaily embankment surface treatment

Compact and shape surface to uniform cross Compact and shape surface to uniform cross 
section.section.
Eliminate all ruts and low spots that could hold Eliminate all ruts and low spots that could hold 

water. water. 

Compact side slopes with at tamping type Compact side slopes with at tamping type 
roller or dozer walking.  roller or dozer walking.  

For 1:1.75 or steeper slopes For 1:1.75 or steeper slopes –– compact the slopes compact the slopes 
as construction progresses.as construction progresses.

To aid in compaction, route construction To aid in compaction, route construction 
equipment over full width and length of equipment over full width and length of 
embankment.embankment.



Embankment ConstructionEmbankment Construction
Rock is material containing 25% or more, by Rock is material containing 25% or more, by 
volume, rock particles greater than 100 mm volume, rock particles greater than 100 mm 
in diameter.in diameter.
Compacted Lift thickness Compacted Lift thickness –– 300 mm 300 mm 

maximummaximum
600 mm lift allowable if material is composed 600 mm lift allowable if material is composed 

predominantly of boulders or rock fragments too predominantly of boulders or rock fragments too 
large for 300 mm liftlarge for 300 mm lift

Rock layers must contain sufficient small Rock layers must contain sufficient small 
rocks and earth material to fill the voids.rocks and earth material to fill the voids.
Construct top 300 mm of embankment with Construct top 300 mm of embankment with 
topping or other suitable material.topping or other suitable material.



Embankment ConstructionEmbankment Construction

Place individual rock fragments and boulders Place individual rock fragments and boulders 
greater than 600 mm in diameter by:greater than 600 mm in diameter by:

Distributing rock within the embankment to Distributing rock within the embankment to 
prevent nesting and fill the voids between them prevent nesting and fill the voids between them 
with finer material.with finer material.

Reduce rock to less than Reduce rock to less than 1200 mm1200 mm in the in the 
largest dimensionlargest dimension
Compact each layer according to 204.11.Compact each layer according to 204.11.



Embankment ConstructionEmbankment Construction

Earth is material containing less than Earth is material containing less than 
25%, by volume, rock particles greater 25%, by volume, rock particles greater 
than 100 mm in diameter.than 100 mm in diameter.
Maximum compacted lift thickness Maximum compacted lift thickness --
300 mm300 mm



CompactionCompaction

What is compaction?What is compaction?

ASTM Definition ASTM Definition -- The densification of a soil The densification of a soil 
by means of mechanical manipulation.by means of mechanical manipulation.



CompactionCompaction

““On the gradeOn the grade”” DefinitionDefinition

Put more stuff in a smaller space by using Put more stuff in a smaller space by using 
some type of equipmentsome type of equipment



CompactionCompaction

Lower Embankment SectionLower Embankment Section
Prevent settlement and provide slope Prevent settlement and provide slope 
stability.stability.

Upper Embankment SectionUpper Embankment Section
Provide bearing capacity, control volume Provide bearing capacity, control volume 
changes, and provide uniformity for changes, and provide uniformity for 
aggregate courses.aggregate courses.



CompactionCompaction

SoilSoil
WaterWater
AirAir



CompactionCompaction

Volume & Weight RelationshipVolume & Weight Relationship





CompactionCompaction

Moisture Content Moisture Content --
W(%) = (WW(%) = (W ww / W/ W ss ) * 100) * 100

Where:Where:
WW ww = weight of water= weight of water
WW ss = dry weight of solids= dry weight of solids



CompactionCompaction

Dry Unit Weight Dry Unit Weight --
YY dd = W= W ss / V/ V

Where:Where:
WW ss = dry weight of solids= dry weight of solids
V = total volumeV = total volume



CompactionCompaction

Wet Unit Weight Wet Unit Weight --
YY tt = (W= (W ss + W+ W ww ) / V) / V

Where:Where:
WW ss = weight of solids= weight of solids
WW ww = weight of water= weight of water
V  = total volumeV  = total volume



CompactionCompaction

Degree of SaturationDegree of Saturation
S = VS = V ww / V/ V vv

Where:Where:
VV ww = volume of water= volume of water
VV vv = volume of voids= volume of voids



TestingTesting



CompactionCompaction

AASHTO T 180AASHTO T 180
AASHTO T 99AASHTO T 99
Humphries Humphries granulargranular compaction compaction 



CLASSIFICATION OF HIGHWAY SUBGRADE MATERIALS
(With suggested subgroups)

General Classification

Group Classification

Sieve Analysis,
Percent Passing:

No. 10
No. 40
No. 200

Characteristics of
fraction passing # 40:

Liquid Limit
Plasticity Index
Group Index

Usual Types of 
Significicant Constituent 

Materials

General Rating as 
Subgrade

A-2

A-1-a A-1-b A-2-4 A-2-5 A-2-6 A-2-7

0-6
0

Stone Fragments, 
Gravel and Sand

A-3

51-100
0-10

N.P.
0

Fine 
Sand

0-50

Granular Materials (35% or less passing No. 200)

0-35 0-35 0-35 0-35
0-30
0-15

0-50
0-25

A-1

0-10
0-40 41+

0-10
0-40
11+

41+
11+

0 0-4

Silty or Clayey Gravel and Sand

Excellent to Good

Silt-Clay Materials (More than 35% 
passing #200)

A-4 A-5 A-6
A-7

A-7-5
A-7-6

36-100 36-100 36-100 36-100

0-40
0-10

41+
0-10

0-40
11+

41+
11+

Silty Soils Clayey Soils

Fair to Poor

0-8 0-12 0-16 0-20

AASHTO T180 
Method D

AASHTO T99 
Method C

FOR ALL 
OTHERS



AASHTO T 99AASHTO T 99

5 5 ½½ pound rammerpound rammer
Dropped from a height of 12 inchesDropped from a height of 12 inches
Uses 4 or 6 inch moldsUses 4 or 6 inch molds
Rigid base to compact upon (block of Rigid base to compact upon (block of 
concrete)concrete)



AASHTO T 99 Method AAASHTO T 99 Method A

Performed on material passing #4 (4.75 Performed on material passing #4 (4.75 
mm) sievemm) sieve
Compacted in 3 liftsCompacted in 3 lifts
25 blows per lift25 blows per lift
Uses 4 inch mold (volume of 1/30 of a Uses 4 inch mold (volume of 1/30 of a 
cubic foot)cubic foot)



AASHTO T 99 Method BAASHTO T 99 Method B

Same as Method A Same as Method A EXCEPTEXCEPT
Uses 6 inch mold (volume of 1/13.33 cubic Uses 6 inch mold (volume of 1/13.33 cubic 

foot)foot)
56 blows per lift56 blows per lift



AASHTO T 99 Method CAASHTO T 99 Method C
Performed on material passing 3/4 inch Performed on material passing 3/4 inch 
(19 mm)sieve(19 mm)sieve
Optional replacement of coarse Optional replacement of coarse 
materialmaterial
Compacted in 3 liftsCompacted in 3 lifts
25 blows per lift25 blows per lift
Uses 4 inch moldUses 4 inch mold



AASHTO T 99 Method DAASHTO T 99 Method D

Same as Method C EXCEPTSame as Method C EXCEPT
Uses 6 inch moldUses 6 inch mold
56 blows per lift56 blows per lift



AASHTO T 180 AASHTO T 180 

Same as AASHTO T 99 EXCEPTSame as AASHTO T 99 EXCEPT
Uses a 10 pound rammerUses a 10 pound rammer
Dropped from a height of 18 inchesDropped from a height of 18 inches
Material is placed in 5 liftsMaterial is placed in 5 lifts



Moisture Density CurveMoisture Density Curve











Humphries Humphries GRANULAR GRANULAR 
CompactionCompaction

Very Old Test MethodVery Old Test Method
Performed in the Central LabPerformed in the Central Lab
Utilizes Vibration versus Utilizes Vibration versus ““BlowsBlows””
More Dynamic ResultsMore Dynamic Results

Variable Variable -- Percent Passing #4 SievePercent Passing #4 Sieve





Effects of Cold WeatherEffects of Cold Weather
Critical TemperatureCritical Temperature

32 Degree Fahrenheit32 Degree Fahrenheit
Can be an immense decrease in the Can be an immense decrease in the 

maximum dry density.maximum dry density.
33--part system changes to 2part system changes to 2--part systempart system
From soil, water, and air to frozen soil and From soil, water, and air to frozen soil and 

airair

Study performed in 1957Study performed in 1957--19581958







Helpful HintsHelpful Hints

Family of CurvesFamily of Curves
One point proctorsOne point proctors
Field moisture content testField moisture content test

Dry back a sampleDry back a sample
Samples of Each Soil Type w/ known Samples of Each Soil Type w/ known 
ProctorProctor

Visual ComparisonVisual Comparison



Family of CurvesFamily of Curves





CompactionCompaction

Subsection 204.11Subsection 204.11
3 methods to monitor compaction3 methods to monitor compaction



Compaction Compaction –– Method 1Method 1

Coarse materialCoarse material
80% or more retained #4 sieve 80% or more retained #4 sieve 
Roller passesRoller passes
Method specificationMethod specification



Compaction Compaction –– Method 2Method 2

Combination of coarse and fineCombination of coarse and fine
50% to 80% retained #4 sieve50% to 80% retained #4 sieve
““One rock in a bowl of soupOne rock in a bowl of soup””
Check moisture of finesCheck moisture of fines
Method specification Method specification -- Roller passesRoller passes



Compaction Compaction –– Method 3Method 3

Fine material with some coarse piecesFine material with some coarse pieces
50% or less retained #4 sieve50% or less retained #4 sieve
Classify materialClassify material
Perform compaction testPerform compaction test
Obtain 95% of maximum densityObtain 95% of maximum density



Density DeterminationDensity Determination

Sand ConeSand Cone
BalloonBalloon
Oil (or water) MethodOil (or water) Method
Nuclear Nuclear DensometerDensometer





Nuclear Nuclear DensometersDensometers



AASHTO Test MethodsAASHTO Test Methods

AASHTO T 238 AASHTO T 238 -- Density of Soil and Density of Soil and 
SoilSoil-- Aggregate InAggregate In--place by Nuclear place by Nuclear 
MethodsMethods

AASHTO T 239 AASHTO T 239 -- Moisture Content of Moisture Content of 
Soil and SoilSoil and Soil--Aggregate InAggregate In--place by place by 
Nuclear MethodsNuclear Methods



CalibrationCalibration

Check to make sure that the calibration Check to make sure that the calibration 
certification is current.  certification is current.  
Determined by plotting the rate count Determined by plotting the rate count 
given by the gage versus various known given by the gage versus various known 
densities and moisture contents.  densities and moisture contents.  
Initially performed by the Initially performed by the 
manufacturers.manufacturers.



StandardizationStandardization

Warm up equipment according to Warm up equipment according to 
manufacturermanufacturer’’s recommendation s recommendation 
Position on the Position on the ““reference standardreference standard””..
Take at least 4 Take at least 4 repetativerepetative readings at a readings at a 
minimum of 1 minute.minimum of 1 minute.
Take the mean of the 4 readings. Take the mean of the 4 readings. 

Required at the start of each day’s use or when test measurements are suspect.



Standardization Standardization -- continuedcontinued
Insert the values into the following equation:Insert the values into the following equation:

NNss=N=Noo +/+/-- 1.96 x Square root of N1.96 x Square root of Noo

NNs s -- Count currently measured in checking the Count currently measured in checking the 
instrument operation on the reference standard.instrument operation on the reference standard.
NNoo -- Count previously established on the Count previously established on the 
reference standard (mean of 10 repetitive tests)reference standard (mean of 10 repetitive tests)

NNss must be within the bounds of the must be within the bounds of the 
equation.equation.



Standardization Standardization -- continuedcontinued

If not within tolerance, repeat the If not within tolerance, repeat the 
standardization.standardization.
If still not within tolerance, a If still not within tolerance, a 
calibration must be performed.calibration must be performed.



Methods and ProceduresMethods and Procedures

TT--238 Density238 Density
Method A Method A -- BackscatterBackscatter
Method B Method B -- Direct TransmissionDirect Transmission
Method C Method C -- Air GapAir Gap





Backscatter Backscatter –– Method AMethod A
Site preparationSite preparation

Select location with a minimum of 150 mm Select location with a minimum of 150 mm 
clearance around gage from any vertical clearance around gage from any vertical 
projection.projection.
Remove all loose and disturbed materialRemove all loose and disturbed material

Remove additional material as necessary to expose the Remove additional material as necessary to expose the 
top of the material to be tested.top of the material to be tested.

Level the area as needed. Level the area as needed. 
Sand or native fines may be used to fill voids greater Sand or native fines may be used to fill voids greater 
than 3mm between gage and surface.than 3mm between gage and surface.



Backscatter Backscatter –– Method AMethod A
TestTest

Place gage on the surfacePlace gage on the surface
Secure one or more 1 minute readingsSecure one or more 1 minute readings

If more than one reading is taken, average the resultsIf more than one reading is taken, average the results

Record the density information Record the density information 
Determine if the required density has been Determine if the required density has been 

achieved based on the results of the proctor.achieved based on the results of the proctor.



Direct Transmission Direct Transmission –– Method BMethod B
Prepare site similar to Method A.Prepare site similar to Method A.

Drive the pin through the guide to the Drive the pin through the guide to the 
necessary depth for testing.necessary depth for testing.

Drive the pin slightly deeper than the test Drive the pin slightly deeper than the test 
depth.depth.
Maintain a minimum of 50 mm below the pin Maintain a minimum of 50 mm below the pin 

and the bottom of the lift to be tested.and the bottom of the lift to be tested.

Test Procedure same as Method A.Test Procedure same as Method A.



Air Gap Air Gap –– Method CMethod C

Prepare site similar to Method APrepare site similar to Method A
Secure and record at least one or more Secure and record at least one or more 
11--minute readings in the backscatter minute readings in the backscatter 
position.position.
Place an air gap cradle, set at the Place an air gap cradle, set at the 
optimum air gap as determined by the optimum air gap as determined by the 
manufacturer, over the same area.manufacturer, over the same area.



Air Gap Air Gap –– Method CMethod C

Determine the air gap ratioDetermine the air gap ratio
Air gap counts per minute / Air gap counts per minute / 
Backscatter counts per minuteBackscatter counts per minute
Determine the density by comparing it Determine the density by comparing it 
to the air gap calibration curve. to the air gap calibration curve. 



TT--239 Moisture Determination239 Moisture Determination

ProceduresProcedures
Test performed concurrently with density Test performed concurrently with density 

teststests
Backscatter or Direct Transmission MethodsBackscatter or Direct Transmission Methods

Follow same site preparation techniques Follow same site preparation techniques 
as the density test.as the density test.



CalculationsCalculations

Average the readingsAverage the readings
Moisture Content Moisture Content -- mass % of the dry mass % of the dry 
soilsoil

w = (Wm / Wd) x 100w = (Wm / Wd) x 100
Wm Wm -- Moisture content of soilMoisture content of soil
Wd Wd -- Dry density of the soilDry density of the soil



ReportReport
LocationLocation
Elevation of surfaceElevation of surface
Visual description of materialVisual description of material
Identification of test equipmentIdentification of test equipment
Count rate for each readingCount rate for each reading
Moisture content Moisture content 
Wet densityWet density
Dry densityDry density
Moisture content in mass percent of dry soilMoisture content in mass percent of dry soil



Comments on the Comments on the ““NukeNuke””

Density should be within 40Density should be within 40--80 kg/m3 (380 kg/m3 (3--5 5 
lb/ft3)lb/ft3)

Without moving gage, within 16 kg/m3 (1 lb/ft3)Without moving gage, within 16 kg/m3 (1 lb/ft3)

Moisture content should be within 8Moisture content should be within 8--16 16 
kg/m3 (0.5kg/m3 (0.5--1.0 lb/ft3)1.0 lb/ft3)

Without moving gage, within 5 kg/m3 (0.3 lb/ft3)Without moving gage, within 5 kg/m3 (0.3 lb/ft3)

IF THE PROCEDURES ARE CAREFULLY FOLLOWED



Compaction Compaction 
Equipment versus Equipment versus 
MaterialMaterial



Compaction Equipment Compaction Equipment 
Steel Drum RollersSteel Drum Rollers

Works well in sands Works well in sands 
and fine granular and fine granular 
materials.materials.



Compaction Equipment Compaction Equipment 
Steel Drum RollersSteel Drum Rollers
Impact Rollers Impact Rollers 
(Sheep(Sheep’’s foot)s foot)

Works well in clays Works well in clays 
and high cohesion and high cohesion 
soils.soils.



Compaction Equipment Compaction Equipment 
Steel Drum RollersSteel Drum Rollers
Impact Rollers (SheepImpact Rollers (Sheep’’s s 

foot)foot)
Kneading Rollers Kneading Rollers 
(Pneumatic)(Pneumatic)

Works well in Works well in siltysilty soils.soils.



Compaction Equipment Compaction Equipment 
Steel Drum RollersSteel Drum Rollers
Impact Rollers (SheepImpact Rollers (Sheep’’s s 

foot)foot)
Kneading Rollers Kneading Rollers 
(Pneumatic)(Pneumatic)
Grid RollersGrid Rollers

Breaks down friable Breaks down friable 
materials.  (I.e., Tuff, materials.  (I.e., Tuff, 
Siltstone, Sandstone, Siltstone, Sandstone, 
Decomposed Granite)Decomposed Granite)



Compaction EquipmentCompaction Equipment
Steel Drum RollersSteel Drum Rollers
Impact Rollers Impact Rollers 
(Sheep(Sheep’’s foot)s foot)
Kneading Rollers Kneading Rollers 
(Pneumatic)(Pneumatic)
Grid RollersGrid Rollers
WhackersWhackers



Compaction EquipmentCompaction Equipment
Steel Drum RollersSteel Drum Rollers
Impact Rollers Impact Rollers 
(Sheep(Sheep’’s foot)s foot)
Kneading Rollers Kneading Rollers 
(Pneumatic)(Pneumatic)
Grid RollersGrid Rollers
WhackersWhackers
Trench RollersTrench Rollers



Dealing with Dealing with 
““WetWet”” MaterialMaterial



Dealing With Dealing With ““WetWet”” MaterialMaterial
Drying It OutDrying It Out

How much effort is too muchHow much effort is too much
Excessive Delays Due to Excess MoistureExcessive Delays Due to Excess Moisture

MethodsMethods
Scarify, Windrow, SpreadScarify, Windrow, Spread--out and Dryout and Dry
Blending with Dry MaterialBlending with Dry Material
Waste itWaste it
Others??Others??



Dealing With Dealing With ““WetWet”” MaterialMaterial
Preventative TechniquesPreventative Techniques

Shape areas to prevent ponding water Shape areas to prevent ponding water 
FPFP--96 specification 204.06 & 204.10(a)96 specification 204.06 & 204.10(a)

Direct water away from materialDirect water away from material
““StirStir”” Material Piles or cover with tarpsMaterial Piles or cover with tarps
Cut ditches and install drainage devices Cut ditches and install drainage devices 

whenever possiblewhenever possible
Culverts, underdrains, edgedrains, etc.Culverts, underdrains, edgedrains, etc.



PumpingPumping
Elastic deformation of the soilElastic deformation of the soil

When loaded and released, the soil springs back When loaded and released, the soil springs back 
to its original position.to its original position.

CauseCause
Excess moistureExcess moisture

Not enough time to dry as a load is applied.Not enough time to dry as a load is applied.

Easiest solutionEasiest solution
Allow the area to dry which will allow the excess Allow the area to dry which will allow the excess 

pore water pressure to dissipate.pore water pressure to dissipate.
Use lighter compaction equipmentUse lighter compaction equipment

If not corrected, may lead to rutting.If not corrected, may lead to rutting.



RuttingRutting

CauseCause
Surface shear or bearing failure of the soil.Surface shear or bearing failure of the soil.

SolutionsSolutions
Change methodsChange methods

operationoperation
materialsmaterials
loadingloading



Go To Lunch!Go To Lunch!
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